Cells of the yeast Saccharomyces cerevisiae of the a mating type were arrested at the G 1 phase of the cell division cycle after treatment with a factor in a culture medium containing a high concentration (2 %, w/v, or higher) of a catabolite-repressing sugar. In media containing either a lower concentration of sugar or a non-fermentable carbon source, the extent of G1 arrest induced by the pheromone was reduced or became undetectable. Under catabolite-derepressing conditions a factor was inactivated by a cells at a higher rate than that found in repressing media. These results indicate the existence of a close correlation between the action of a factor on a cells and conditions of catabolite repression or derepression. A joint mechanism of action of a factor and catabolite-repressing carbon sources on a cells is postulated.
INTRODUCTION
Heterothallic strains of Saccharomyces cereuisiae of the a mating type secrete into the medium a hormone-like substance, a factor, which induces in cells of the opposite mating type, a, a number of morphological and physiological changes presumably preparatory to conjugation (for a review, see Thorner, 1981) . Such changes include the adoption of an aberrant, pear-like ('shmoo') morphology (Duntze et al., 1970) and a transient arrest at the initiation of DNA synthesis, with the subsequent accumulation of cells at the G 1 phase of the cell cycle (BuckingThrom et al., 1973) .
Some changes induced in a cells by a factor are mimicked by a number of temperaturesensitive cell division cycle mutants when they are shifted to the restrictive temperature in glucose medium. Under these conditions, mutants cdc 28, cdc 36, cdc 37 and cdc 39 undergo G 1 arrest, exhibit the shmoo morphology and have the ability to mate (Reed, 1980) . Two of these mutations, cdc 36 and cdc 39, are also involved in the regulation of conjugation, since they can suppress a mutation in the STE 5 locus (Shuster, 1982a ) which confers to a cells resistance to the action of a factor (Hartwell, 1980) . It has been recently shown that mutations cdc 28, cdc 36 and cdc 39 are suppressed when mutants are grown in a carbon catabolite derepressing medium (Shuster, 1982b) .
On the basis of the above mentioned data, we decided to investigate the possible relationship between the action of a factor on a cells and carbon catabolite repression. In this paper we report the existence of a close correlation between the extent of G1 arrest induced by a factor and the concentration of catabolite-repressing carbon source in the culture medium. We show that the shortening of G1 arrest under derepressing conditions is due, at least in part, to a faster inactivation of a factor.
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suitable carbon source, at the concentration (%, w/v) indicated in the Results section, at 30 "C, in a gyratory shaker at 200 r.p.m.
Treatment with afactor. Early-exponential phase cultures (A600 = 0 . 2 0 4 2 5 ) were spun down and the cells resuspended in fresh medium at a density of 5-10 x lo6 cells ml-I . a Factor was added to a final concentration of 1.25 pg ml-1 and the suspensions were incubated, at 30 "C, in a New Brunswick gyratory water bath shaker, model G76, at 300 r.p.m. Cell number was determined microscopically in a Thoma haemocytometer slide.
Invertase assay andglucose determination. Invertase was assayed at 30 "C, as described by Goldstein & Lampen (1975) . Glucose was determined by the same method except that the first part of the assay (incubation of samples with sucrose) was omitted.
Chemkals. Synthetic a factor was obtained from Peninsula Laboratories (San Carlos, Calif., USA). N-a-p-Tosyl-L-lysine chloromethyl ketone (TLCK), glucose oxidase and peroxidase were from Sigma. All other reagents were of analytical grade.
RESULTS
Effect of a factor on GI arrest under catabolite repressing and derepressing conditions In order to investigate the possible relationship between the action of a factor on a cells and catabolite repression, we studied the extent of G1 arrest of a cells induced by a factor in media containing different concentrations of carbon source.
At a glucose concentration of 2% the amount of a factor added was able to arrest growth of a cells for a period of about 3 h ( Fig. 1) . At glucose concentrations lower than 2%, the time during which growth of a cells was maintained arrested by a factor decreased progressively. Glucose concentrations greater than 2% did not allow a factor to arrest growth of a cells for a period of time longer than the one found at 2% glucose (data not shown). Significant variations in the growth arrest times were not observed when these experiments were repeated four times.
Invertase production was followed as a marker for conditions of catabolite repression, since synthesis of that enzyme is known to be controlled by this regulatory mechanism (Dodyk & Rothstein, 1964) . At a glucose concentration of 0.5%, or higher, invertase synthesis was repressed, while when the concentration of glucose was 0.1 %, or lower, synthesis of the enzyme was derepressed. Since at 0.5% glucose the extent of the arrest of a cell growth by a factor was shorter than that found at 2% glucose, and invertase synthesis was maintained repressed, we considered the possibility that the effect of a factor on a cells might be dependent on the concentration of glucose, per se, and not on conditions of carbon catabolite repression. To check this possibility we incubated a cells with a factor in the presence of other carbon sources. The results are shown in Fig. 2 . When fructose (another catabolite-repressing sugar) was used at a concentration of 2% the effect of a factor was similar to that found with 2% glucose and invertase synthesis was repressed, while at 0.1 % fructose growth of a cells was arrested for a shorter time 
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and invertase synthesis was derepressed. When incubation was carried out in a medium containing either pyruvate or glycerol (two non-catabolite-repressing carbon sources), at a concentration of 2%, a factor did not arrest growth of a cells. Invertase synthesis was not followed in these media, as cells were fully derepressed after growing overnight under derepressing conditions.
Effect of catabolite repressing and derepressing conditions on the inactivation of u factor by a cells
The recovery from G1 arrest of a cells treated with a factor requires the inactivation of the pheromone (Chan, 1977) , which seems to be due to its proteolytic digestion to biologically inactive fragments (Finkelstein & Strausberg, 1979; Ciejek & Thorner, 1979) . In consequence, one of the possibilities that we considered to explain the different effect of a factor on the arrest of a cells grown under catabolite-repressing and derepressing conditions was that there might be a different rate of degradation of the pheromone by a cells. This possibility was tested by assaying the residual a factor that remained active after its incubation, for different times, with a cells in media containing different concentrations of glucose.
After the incubation in medium containing 2% glucose for 4 h all of the a factor used for the treatment of a cells was inactivated (Fig. 3) . At incubation times of 3 h or less, in the same medium, some of the a factor remained active, since it was able to arrest the growth of fresh a cells in catabolite repressing medium, and the shorter the incubation, the longer the period of arrest. When the incubation of a factor with a cells was carried out in media containing lower concentrations of glucose there was a shortening in the times of arrest of the growth of fresh a cells by the residual a factor. Thus, for example, the a factor that remained active after At the indicated times, samples were taken and the cell number was determined. Cell number of control cultures untreated with a factor in the absence (0) or presence (H) of TLCK; cell number of cultures treated with a factor in the absence (0) or presence (0) of TLCK.
incubation in medium containing 00025% glucose, for 2 h, was only able to arrest the growth of fresh a cells for about 30 min. This seems to confirm the hypothesis that the pheromone is more readily inactivated under catabolite conditions.
In order to test whether the inactivation of a factor was caused by a direct action of a cells the incubation of a cells with a factor was carried out in media containing different concentrations of glucose and in the presence of TLCK, a protease inhibitor, which has been reported to inhibit the surface-bound endopeptidase(s) involved in the proteolysis of a factor (Ciejek & Thorner, 1979) (Fig. 4a-c) . A similar experiment was also performed in medium containing pyruvate as the only carbon source (Fig. 4 4 . Under both catabolite repressing and derepressing conditions the addition of TLCK to the incubation mixture lengthened the period of arrest of growth of a cells induced by a factor, and even under conditions where a factor does not normally halt the growth of a cells (media with 0.025% glucose or 2% pyruvate), the presence of TLCK enabled the a factor to arrest the division of a cells for several hours.
DISCUSSION
Results indicating that the action of a factor on a cells depends on the concentration of the carbon source in the incubation medium were reported by Lipke et al. (1976) . However, a clear relationship between the response of a cells to a factor and catabolite repressing or derepressing conditions has not been previously established. From the results presented here it seems evident that the action of a factor on a cells is affected not only by the concentration but also by the nature of the carbon source present in the culture medium. Thus, in media containing either a non-fermentable carbon source or a fermentable sugar at low concentration (catabolite derepressing conditions) the time during which a cell growth is maintained arrested by a factor is undetectable or shorter than that found in media containing a fermentable sugar at a concentration high enough to produce catabolite repression.
Carbon catabolite derepression could produce a number of metabolic changes rendering the a cells less sensitive to the action of a factor. One of these changes seems to be an increased capacity of the a cells to inactivate the pheromone, presumably by proteolytic digestion mediated by surface-bound endopeptidase(s) (Ciejek & Thorner, 1979) . Results supporting this conclusion are the faster rate of a factor inactivation in catabolite-derepressing media and the fact that the addition of the protease inhibitor TLCK allows the arrest of a cell growth by a factor under catabolite derepressing conditions which normally prevent the action of the pheromone. The reason for this increase in the rate of degradation of a factor by a cells, in catabolite-derepressing media, could be : 1, an activation of the peptidase(s) already present in the surface of a cells; 2, an increase in the amount of surface bound peptidase(s) or 3, an increased accessibility of the pheromone to the degradation system. Regarding this, it is of interest to mention that the different ability of a and a cells to degrade a factor seems to reside in the different capacity of their cell surfaces to exclude the pheromone (Thorner, 1981) . In any case, the higher rate of degradation of a factor by a cells in catabolite-derepressing media might not be the only reason to explain the inability of the pheromone to arrest a cell growth since, for example, after an incubation in medium containing 0.025 % glucose for 1 or 2 h, enough active a factor still remains in the medium to halt the growth of fresh a cells under conditions of catabolite repression (Fig. 3c) .
The results presented here seem to confirm the existence of a common element linking the regulation of cell division, mediated by the mating factor, and the catabolite repression system, as has been suggested by Shuster (19826) . It may be speculated that the link between both mechanisms could be adenosine 3', Smonophosphate (CAMP) metabolism, as cAMP has been implicated in catabolite repression (Van Wijk & Konijn, 1971 ; Sy & Richter, 1972; Mahler & Linn, 1978) and the changes induced in a cells by a factor seem to be mediated, at least in part, by a lowering of the intracellular cAMP level (Liao & Thorner, 1980 Thorner, , 1981 . Since the action of a factor on a cells is prevented by catabolite derepression, we suggest that the morphological and physiological changes induced by the pheromone may be triggered by the reduction of the intracellular content of CAMP below a threshold level, carried out jointly by the mating factor and the catabolite-repressing carbon source ; neither the pheromone nor the carbon source, acting separately from each other, would be able to reduce the cellular content of cAMP to a level low enough to initiate the cellular changes that are exhibited by a cells when they are treated with a factor under carbon catabolite-repressing conditions. In support of this putative cooperation of a factor and catabolite-repressing sugars in reducing the cellular content of cAMP is the fact that at 0.1 % glucose or fructose the presence of ct factor represses the synthesis of invertase (Figs 1 c   and 26 ).
